ABSTRACT: Interrelationships between the occurrences of pelagic fishes and plankton in coastal fishing grounds have been studied, in two phases, in coastal waters close to Esaki, southwestern Japan Sea, from April through December, 1970. The first phase comprised a general investigation of seasonal changes in the occurrences of plankton and pelagic fishes; the second phase, of an examination of the interrelationships between distribution of pelagic fishes and zooplankton. The results reveal complicated interrelations. For pelagic fishes, the distribution of copepods, their major prey, seems to be of paramount importance. The fishes appeared primarily in close vicinity to dense copepod populations. High aggregations of Noctiluca scintillans or cladoceran species exerted unfavorable effects on the fish=, even in the presence af copepods Apparent interrelationships were also established in regard to seasonal abundance changes of plankton and pelagic fishes. The results obtained differ somewhat from known prey-predator osciIlations postulated by theoretical equations. Alternations in water masses are suggested to act as significant modifying influences.
INTRODUCTION
The effects of abiotic environmental factors on marine organisms have received detailed attention in Volume I of 'Marine Ecology' (Kinne, 1970 (Kinne, , 1971 (Kinne, , 1972 . Biotic factors have attracted much less attention (e.g. 'Marine Ecology', Volume IV, Kinne, 1978) . However, there is ample evidence that biotic factors can exert important, if not decisive, influence. In particular, the interrelations between fishes and other marine organisms require more attention. According to Harvey (1950) , the biomass of pelagic fishes in the English Channel approximately parallels that of the zooplankton. Although there is not a simple chain from phytoplankton through herbivorous zooplankton to fishes, the prey-predator relations are of basic significance in marine food webs. Riley (1963) noted that the relationship appeared to be non-linear even in the clear correlations established by Sette (1955) for phosphate, zooplankton and tuna in the tropical Pacific Ocean. The importance of some of the inherent non-linearities present in both physical and biochemical processes in the sea was discussed by Heaps and Adam (1975) . In spite of the importance of such studies, little effort has thus far been devoted to the study of the coastal fishing ground in the southwestern Japan Sea.
MATERIAL AND METHODS
The fishing ground north of Esaki centers at about 34"45'N, 131°35'E. A fishing ground for a small purse seiner is maintained within a radius of about 5 nautical miles. The catch landed by 11 small purse seiners at Esaki port was about 2,320 tons from May to November, 1970 . The most dominant species landed was anchovy Engraulis japonica, comprising 50 O/O. The remaining percentages were accounted for by horse mackerel Trachurus japonicus, mackerel Scomber japonicus, round herring Etrumeus rnicropus and sardine Sardinops rnelanosticta. The size of the fishing ground seems to be suitable as a model case, taking the capacity of R. V. 'Wakashio-maru' (22 gross tons) into consideration. Moreover, cooperation with local fishermen was possible. The data on landings of pelagic fishes are based on their daily logbooks.
The following observations were conducted with R. V. 'Wakashio-maru' : ( l ) monthly samplings of seasonal changes in hydrographic conditions and plankton occurrence at two stations (Fig. 1) ; (2) analysis of interrelations between pelagic fishes and zooplankters based on horizontal distributions. While investigations were carried out in June, August and October at 16 stations ( Fig. l ) , only two examples are presented in Jaoan Sea Fig. 1 . Location of standard stations. Solid circles: monthly stations of plankton and hydrographic samplings. Open circles: stations where plankton tows were carried out in June, August and October this paper. Pelagic fish populations on the fishing ground were measured by the acoustic method. The fishfinder (FURUNO, F-812B) was employed at a frequency of 22 KHz. After each cruise, fish population abundances were determined on the basis of echo traces on echograms. An index of fish population size was obtained as 'school count' by multiplying the height of the echo trace by its width. Also random samplings of fishes caught were made for obtaining authentic information about sizes of the fishes appearing in the fishing ground during acoustic surveys. Vertical zooplankton tows were made with a Marunaka net (60 cm mouth diameter, 160 cm length, made of nylon bolting cloth with 0.328 mm mesh opening) from the sea bottom to the surface. Although a flowmeter was not employed for net tows, rough estimates of relative abundance of zooplankton were made assumlng the filtration efficiency of the net to be 100 O/O in such a shallow tow. Phytoplankton was sampled with a Kitahara sampling bottle at depths of 0.5,5, 10, 20, 30, and 50 m. Zooplankton and phytoplankton samples were preserved in formalin. Each of the samples was poured into glass cylinders and allowed to settle for 24 h in the laboratory. Part of the samples was then used for counting. Taxonomic identification was obtained to species or genus. Copepod nauplii were sampled in considerable quantity with the Kitahara sampling bottle; hence, individual numbers of nauplii were counted. Temperature and salinity were measured at each station.
Because of bad weather conditions in winter, the observations were restricted to the period from April through December. Accordingly the term 'seasonal change' refers here to changes observed during the fishing season.
RESULTS

Seasonal Changes in Hydrography
The major current in the Japan Sea is the Tsushima Current, a branch of the Kuroshio (Suda et al., 1932; Uda, 1934; Lim, 1971) . The Japan Sea coast is located south of this eastward current and decisively influenced by the Tsushima Current. This current is commonly characterized by relatively warm and saline water, although low-salinity water termed 'Upper Water of the Tsushima Current' occurs during summer (Miyazaki, 1953; Yasui et al., 1967) . The Japan Sea is characterized by tides of extremely small range
Month In 1970
Temperature ( ' C Fig. 2 . Isopleths of water temperature ("C) and salinity ('/m) at Station 1 (sounding 54 m). Typical seasonal changes on the fishing ground (Ogura, 1933) ; current velocities remain low, rarely sonally occupied by two quite different water masses: exceeding 2.0 knots.
high-temperature -low-salinity water during July to Isopleths of water temperature and salinity are October, and low-temperature -high-salinity water shown in Figure 2 , illustrating a typical example of from November through June. It is evident that such seasonal changes in hydrographic conditions of the alternations in water masses reflect fluctuations of the fishing ground based on data obtained at Station 1.
Tsushima Current. The horizontal temperature range at each standard depth was up to 3 CO; no significant horizontal temperature gradient was found. However, there are conSeasonal Changes in Phytoplankton Occurrence spicuous vertical temperature gradients during summer. The seasonal thermocline began to appear in July Seasonal changes in phytoplankton occurrence duand to disappear in October after attaining a maximum ring the fishing season are shown in Figure 3 . Before lasting from late July through early September. CorAugust, total cell counts showed considerable variaresponding to the development of the seasonal thertions from month to month, even between depths sammocline, low-salinity water appeared after late June pled within the same month. In contrast, variations and the lowest salinity occurred in early August. Altwere slight after September. On an average, seasonal hough low-salinity water (below 34.1 "/M) was also changes in total cell counts reveal three peaks: in May, observed temporarily in May, it seems to result from from July to August, and in October. Between the two local river outflow. Except for such temporary variastations, differences in variations were noticeable at a tion, the hydrographic conditions followed almost the shallower depths. Cell counts tended to be higher at same seasonal changes as those reported for the the inshore station (St. 1) than at the offshore station Tsushima Current by Koshimizu (1958) and Nan-niti (St. 2) where the summer peak was less pronounced. and Fujiki (1967) . The fishing ground studied is sea-
The shallower the depth, the wider tended to be the variation. At 50 m depth, however, seasonal changes showed almost identical patterns at both stations. The highest cell count amounted to 2.2 X 105 cells 1.' at 0.5 m of Station 1 in July; the lowest, 15 cells l", occurred at 20 m of Station 2 in December. At Station 1, Leptocylindrus danicus was dominant totaling 99.8 "/a. Large cell counts seemed to prevail in the presence of a dominant species. No dominant species was noticed when the cell counts remained under 2 X 103 cells l''. Accordingly, the peak indicates a noticeable tendency: from spring to summer, only one species seems to take an important part in peak formation; in the autumn peak, two or more dominant species were identified. For instance, at Station 1, the peaks in May and July are based on Leptocylindrus danicus and the May peak at 30 m of Station 2 on Eucampia zoodiacus. On the other hand, the October peak at Station 2 resulted from almost equal contributions by Thalassiothiix frauenfeldii and Chaetoceros spp. A few dominant species seem to affect the variation in the total cell counts in autumn.
Seasonal Changes in Occurrences of Pelagic Fishes
and Zooplankters
The seasonal changes in zooplankton occurrence at the two stations are shown in Fig. 4 and Table 1 . The volume of zooplankton settled over 24 h indicates notable variations, but shows a significant peak in spring as well as another lower peak in autumn following the depression in summer. In spring, some Thaliacea species (Muggiaea sp., Diphyes sp., Salpa fusiformis, Iasis zonaria and Doliolum sp.) were abundant and caused the peak. Fairly large numbers of Noctiluca scintillans and Penilia avirostns were also noticed during spring and summer. Although copepods did not always dominate, they contribute an important food item for pelagic fishes. Copepods are well-known as favorite prey for pelagic fishes (e.g. Yamashita, 1957; Yasuda, 1960; Kime, 1977, p. 979) .
Seasonal changes in total individual copepod numbers showed two peaks, in spring and autumn, aver- abundance in spring and autumn; fish abundance is ra spp. and other Calanus species appeared only after low when copepods are scarce in summer. The seasummer. Species of Candacia, Acarfia and Eucalanus sonal occurrence of pelagic fishes also suggests that occurred in small numbers, though they were present anchovy were numerous when other fishes, horse throughout the season. The seasonal occurrence of mackerel and mackerel, were few and vice versa. copepod nauplii also reveals two peaks in spring and These relationships are summarized in Table 2 . autumn corresponding to those of adult copepods Table 2 reveals a positive, significant correlation ( Fig. 5 and Table 1) . between fishes and copepods or nauplii. Concerning Seasonal changes in the occurrences of pelagic the correlations calculated, it was found that a positive fishes (Fig. 6 and Table 1 ) are based on catch data from correlation might occur between species of Sagitta and operational logbooks of 11 purse seiners at Esaki. copepod nauplii, Implying a prey-predator relationCatch data on the day before and after the plankton ship. While the negative correlation between anchovy and other fishes attains significance only when lowering the confidence limit below 90 "/o.
Relationships Between Pelagic Fishes and Zooplankters
Horizontal distributions of the pelagic fishes on the fishing ground and distributions of dominant zooplankters are shown in Figures ? and 8 . Figure ? illustrates distributions during the rich-haul season; Figure 8 represents conditions during the poor-haul season of purse seiners as suggested by Figure 6 . School counts were summed up every 3 min for representation in the figures. Random samplings of fishes landed reveal that fish species appear, during plankton samplings as follows: (1) the haul in June was dominated by horse mackerel of 6.7 cm in mean body length; (2) the haul in August consisted mainly of anchovy reaching up to 7.1 cm.
During spring, Noctiluca scintillans and some cladoceran species (mainly Penilia avirostris) were abundant. In areas where these species occurred abundantly, few fishes seemed to be present. The fishes also appeared to be low in number in areas where settled Table 3 . Quantitative relationships between pelagic fishes and zooplankters in the spatial distributions shown in Figure 7 Ranges of school volume of plankton was poor. In spring, there appeared a tendency among Noctiluca scintillans, cladocerans and Doliolum spp. that one of these attained high abundance values where the others remained few in numbers, implying distributional segregation. However, fairly large numbers of copepods were sampled even where Noctiluca scintillans and cladocerans were abundant; the quantitative relationship between these components is not clear. Some Sagittidae were distnbuted in accordance with the appearance of copepods during summer and autumn. These data show that (1) large fish counts occur in areas of large copepod counts; (2) fish abundance is low in areas where Noctiluca scintillans and cladocerans are abundant (Table 3) . Summer and autumn data, however, did not reveal statistically significant relations. This fact implies that the relations mentioned become obscure at low abundance levels of fishes or plankters.
DISCUSSION
In the present study, stomach contents of the fishes caught by purse seiners were not investigated because electric lights are always used during fishing operation, and thus many plankters are attracted together with the fishes. Fishes hauled with nets frequently swallow the plankters notwithstanding whether or not they nomally feed on them. In terms of general distributions, the fishes aggregated in close vicinity to copepod patches, except in areas where the copepods occurred together with high aggregations of Noctiluca scintillans or cladocerans which may result in unfavorable feeding conditions for fishes (Figs. 7 and 8; Table 3 ). This fact indicates that copepods constitute an important food item for the fishes studied.
Another relationship between fishes and plankton was also recognized, as indicated by the relation between Noctiluca scintillans or cladocerans and fishes (Figs. 7 and 8; Table 3 ). This fact probably indicates competition for space. Furthermore, fish species tend to compete for food because each species occupies overlapping niches (Yamashita, 1957; Yasuda, 1960) . In fact, Figure 6 suggests competition for food among fishes, although the negative correlation coefficient calculated was significant only at the 85 O/O confidence level (Table 2 ). However, the term 'competition' should be used carefully (Elton, 1958) .
The quantitative relations between phyto-and zooplankton remain difficult to interpret in overall terms (Figs. 3, 4 and 6). It is generally expected that an increase in prey quantity leads to an enlargement of the number of predators, which in turn reduce the net rate of growth of the prey until the latter begins to decline (e.g. k l e y , 1946 , 1947a , 1947b Volterra, 1928) . The present results are, however, somewhat different from the usual prey-predator oscillations. While phytoplankton cell counts indicate three peaks, the zooplankton abundance reveals only two peaks (Figs. 3  and 4 Pacific coastal waters (Asaoka, 1955) . Thus, an water. J. oceanogr. Soc. Korea, 6, [85] [86] [87] [88] [89] [90] [91] increase in diatoms occurs three times a year. Al- Miyazaki, M. (1953) . On the water masses of the Japan Sea.
though there is a possibility that the summer peak of amount of pelagic fishes diminished simultaneously (Fig. 6) .
Thus, the phenomena observed do not always agree with the pattern postulated theoretically since Volterra (1928) . With respect to this point, Steele (1961) pointed out that the relationship simply appears to be a poor correlation with random scatter. The difficulties, however, may depend in part on fundamental assumptions for developing the theoretical equations. Although all descriptions based on these equations are concerned with sequential time changes in populations of a given water mass, the water masses actually change successively throughout a year on the present fishing ground (Fig. 2) . Regarding the fishing-ground hydrography, it is noteworthy that the fishing season began roughly together with the appearance of low-salinity water. Salinities did not exceed 34.1 "/m at all depths examined in the upper 50 m, especially in autumn when the richest haul was obtained (Figs 2 and 6 ).
